Tests of the dividend pricing hypothesis (DPH) applied to housing have studied the trade-o¤ between the capitalization rate (CAP rate) and subsequent house price appreciation. Even allowing for the fact that actual appreciation does not equal expected appreciation, evidence for the DPH is not strong. This research has included an implicit assumption that risks associated with housing investment are common across housing markets. In addition, many previous tests have used the Bureau of Labor Statistics (BLS) Rental Index to construct the CAP rate although recent research by Ambrose, Coulson and Yoshida (2013) has questioned this data. We use the American Housing Survey to construct estimates of the CAP rate which is then combined with standard appreciation measures to estimate total return and its variance over time for larger U.S. MSAs.
Introduction
The total return of residential properties can be divided into a dividend (net rental income, implicit or explicit) and capital gains. The former is measured by the capitalization rate (thereafter "the CAP rate") and the latter by using repeat sale index to estimate appreciation. Present value relations in the housing market have been examined by testing the dividend pricing hypothesis (DPH) which predicts that, in an e¢ cient housing market, there is trade-o¤ between the CAP rate and future appreciation rate. In the literature reviewed below, however, it appears that this negative relation is con…rmed in individual or narrowly de…ned housing markets and barely supported or even rejected in tests conducted across markets.
The key requirement for testing the DPH across markets is the existence of a noarbitrage equilibrium that equates total risk-adjusted housing returns in di¤erent housing markets. However, many studies …nd persistent di¤erences in total housing returns across housing markets, which is inconsistent with the no-arbitrage equilibrium.
Instead of assuming constant total housing returns across housing markets, I extend the analysis and add to the existing literature by considering the trade-o¤ between total housing return and risk. I propose a no-arbitrage equilibrium that equates mean-variance utilities for homeowners across markets. The equality of mean-variance utilities implies that risk-adjusted total housing returns are constant across cities.
In order to adjust for risk when testing the DPH, components of total housing return (the CAP and appreciation rates) should be estimated properly. Appreciation return is usually computed as "capital gain" from repeat sales index. The CAP rate should be the "ratio of dividend-to-value" of the speci…c housing market after controlling heterogeneity. Previous literature tends to rely on the BLS Rent Index whose validity has been questioned recently by Ambrose, Coulson and Yoshida (2014) , to compute the CAP rate (thereafter "BLS CAP rate"). I use American Housing Survey data to estimate the CAP rates for 38 cities (thereafter "AHS CAP rate"). This method controls the quality di¤erences both over time and across tenure types.
Thus, following Peng and Thibodeau (2013) , risk in housing investment (return risk) is based on: variance of the CAP rate (CAP risk), and variance of the appreciation rate (appreciation risk). Of course, overall risk depends on the covariance of CAP and appreciation rates. Previous studies have ignored CAP risk or return risk in the DPH tests. Indeed, this may be the …rst study to compute CAP risk for residential real estate investment in individual cities.
The empirical results support the trade-o¤ between the CAP rate and appreciation predicted by the DPH from 1985 to 2005. Adding measures of CAP risk improves the DPH test. Speci…cally, there is a signi…cant negative correlation between the CAP and appreciation rates. And the coe¢ cient is as large as -0.43 in the short run after controlling the year …xed e¤ects, indicating that homeowners actually enjoy the bene…t of partly hedged appreciation risk by consuming local housing services. Adding measures of return risk predicts an increase in future appreciation as return risk increases. However, the period from 1985 to 2011 fails to get consistent results, implying the impact of the …nancial crisis.
CAP risk plays an important role in the short run test of the DPH. I …rst show that under-estimating the variation of the CAP rate may lead to bias in the test, and then test the relationship using the BLS CAP rates. 1 The results are substantially di¤erent from those produced by the AHS CAP rates. This indicates that failure of some previous research to support the DPH could be due to the use of the BLS Rent Index and that use of this index in future research is unwise. This con…rms the …nding that BLS Rent Index underestimates the true ‡uctuations of housing rental returns. Overall, this study complements the literature that empirically tests the DPH across housing markets by investigating the cross-market risks of both total housing returns and CAP rate. Risk or variance in the future housing investment can have a signi…cant in ‡uence on current housing returns by a¤ecting the real option of current development. Local variation of this risk contributes to explain the trade-o¤ of CAP and appreciation rates across housing markets. Another …nding is that risk adjustment using CAP risk improves the DPH test, emphasizes the importance of understanding the actual volatility of the CAP rate.
The paper is organized as follows. The next section reviews the literature on the DPH test; section 3 discusses the estimation of the AHS CAP rate for 38 cities; then formally states the DPH model by using the mean-variance utility; section 4 tests the DPH, and then carries out the robust tests, and section 5 concludes.
Previous Tests of the DPH in Housing Markets
Results of testing the DPH in a single or narrow geographic housing market often …nd that the estimated coe¢ cient of the CAP rate in an appreciation equation is signi…cant and negative as suggested by the theory. Kallberg, Liu and Anand (2003) …nd that the DPH cannot be rejected in the U.S. REIT market from 1973 to 2001. Hendershott and MacGregor (2005) use micro data from the U.K. o¢ ce and retail market, and report that expected real rental growth forecasts future real CAP rates 1977 to 2001. 2 Hwang, Quigley and Son (2006) use micro data to …nd strong support for the DPH in South Korea both before and after the Asian Financial Crisis. Hattapoglu and Hoxha (2013) …nd an increase in the previous appreciation rate predicts the future decreases in the CAP rate in Houston. Brocke (2013) …nds a signi…cant negative relationship between rent appreciation and the CAP rate in Central London areas. These …ndings of signi…cant and negative relation in a single or narrow housing market should be expected even without considering the CAP or return risk because these risks vary trivially within single market. However, results of testing the DPH across markets are rather mixed. Some …nd evidence weakly supporting predictions of the DPH. Hamilton and Schwab (1985) , and Phillips (1988) …nd a weak relationship between the CAP rates and future appreciation using AHS national data. Clark (1995) uses census data to …nd that previous rent-price ratios signi…cantly predict di¤erences in future rental appreciation among cities con…rming the long-run DPH. Capozza and Seguin (1996) …nd that the CAP rates predict intercity price appreciation in census data over 10 year intervals but only when instrumental variables for the CAP rates are used. Hjalmarsson and Hjalmarsson (2009) …nd in the Swedish co-op market, a 100-kronor increase in the present value of future rents leads to a 75-kronor reduction in the sales price. 3 Other tests across markets fail to …nd evidence supporting the DPH. Meese and Wallace (1992) reject housing market e¢ ciency in the short run for 16 submarkets in the San Francisco MSA. But the DPH is generally consistent with the long run relations. They make imaginative use of rents based on units advertised in the newspaper. Gallin (2008) uses the BLS rental series to …nd that previous rent-price ratios can signi…cantly predict the future 4-year-ahead appreciation rates, however, the relation is positive. Tian (2009) uses AHS national data to …nd the mixed results across years in the U.S. cities from 1991 to 2007.
Overall, previous tests of the DPH across housing markets have produced mixed results, particularly when relying on the BLS Rent Index. While their results vary, these tests all have in common an assumption that di¤erences in risk of housing investment across markets can be neglected.
Estimation of the CAP and Appreciation Rates
In order to estimate variation in the risk of residential real estate investment across cities, it is necessary to construct very precise estimates of CAP and appreciation rates.
Estimating the CAP Rates for A Panel of Cities
Data used for estimating CAP rates are from National Micro data of American Housing Survey (AHS). AHS surveys are conducted every other year, thus the CAP rate series includes 11 biannual observations for each city during the studied period from 1985 to 2005. Homeowners appraise their properties and renters give the information about contract rents and utility usage. Because homeowners tend to over appraise housing values, the CAP rates are likely systematically downwards biased. 4 Accurate estimation of the local CAP rate requires measurement of rent net of annual user cost (property tax, maintenance, insurance and depreciation). Based on …nding in Harding, Rosenthal and Sirmans (2007), I assume annual depreciation and maintenance equal 2.5% of total housing value.
Following Follain and Malpezzi (1980) and Phillips (1988) , multi-family units are used to estimate the CAP rate to reduce the heterogeneity of house characteristics. To insure adequate sample size, the analysis is restricted to 38 of the largest MSAs.
The estimation technique was proposed by Phillips (1988) . Coulson (2008) discusses the choice of log and level values for dependent and independent variables in hedonic regressions and the paper chooses semi-log equation consistent with Phillips (1988) . The regression for estimating the CAP rates is
where price ij is housing value if owner-occupied, or net annual rent if rental for ith property in city j. tenure ij is 1 for owner-occupied and 0 for rental units. X ij is vector of housing characteristics. Interacted terms control quality di¤erences for owner-occupied and rental properties. Finally, ij is the iid error term.
Housing characteristics (X ij ) are based on variables common in other research using the AHS, and include: number of rooms, bedrooms, living rooms, bathrooms, kitchen, and garage; have porches or not; number of ‡oors from main entrance to apartment; in central city or suburban; number of units in the buildings.
Observations with housing value lower than $10,000 are excluded. Annual rents are net of utilities (gas, water, fuel and others) reported by respondents. Both housing values and rent are de ‡ated by the CPI. The estimated CAP rate for each city (j) with N j observations in each observed year can be calculated using coe¢ cients from equation (1) as follows,
Results in Table 1 show that a majority of average annual CAP rates in the 38 cities are in the range of 5%-10% from 1985 to 2005. 5 This is consistent with the value in previous papers. 6 Standard deviations of the AHS CAP rates fall in range of 1.1% to 5.9% for individual cities across 20 years, sharply di¤erent from the traditional intuition of a stable CAP rate. Figure 1 shows that both the mean and the variation of CAP rates vary substantially across time. Variation in CAP rates is comparable to that of appreciation rate in the lower part of …gure 1. Clearly, ‡uctuations in the CAP rate are important to understand return risk in residential real estate.
Estimating Appreciation Rates for A Panel of Cities
The FHFA repeat sale house price index is used to measure appreciation rates in individual cities. From 1985 to 2005, annual mean appreciation rates were between -0.7% and 5.83% for each of 38 cities across 20 years in Table 1 . Note that mean values of appreciation rates are much lower than those of the CAP rates. The standard deviation of appreciation rates ranges from 2% to 11%, considerably higher than those of the CAP rates. Therefore variances in CAP and appreciation rates both add signi…cantly to variance in total return but for di¤erent reasons. CAP rates are more stable but larger and appreciation rates are smaller but more variable. Figure 2 shows some visual evidence of an apparent trade-o¤ between the CAP and appreciation rates: cities with lower CAP rate tend to be compensated with higher appreciation rate: California cities (San Francisco, Los Angles, San Jose and Oakland) have higher appreciation rates while lower CAP rates. Texas cities (Dallas, Fort Worth, and Houston) and Rust Belt cities (Detroit, Farmington Hills, Milwaukee, and Cincinnati) are featured with higher CAP rates but nearly zero appreciation rates. Generally, total housing returns tend to be more unequal across markets from the CAP and appreciation rates.
Formal Statement of the DPH
This section formally derives the test of the DPH starting from the classic Gordon growth model, under the assumption that the expected rental growth rate is constant.
The present value of the residential property equals the sum of future discounted rent income in city i,
where V i 0 is the real present value of total rental incomes for the property at period 0; R i t is the real net rental income for property in period t;
i is the discount rate.
Assuming constant rental growth ( i ) in city i, real net rental income at period t is
Combining equation (3) of the present value model and equation (4) for rental income growth, present value at period 0 is
which can be rewritten as,
Equation (6) is the standard statement of the DPH applied to housing and leads to the basic hypothesis that, in a no-arbitrage equilibrium that cross-sectional housing returns ( i ) are constant across cities, the CAP rate ( and adding an error term in equation (6):
where
is the housing value appreciation rate in city i at period t. " i;t is the error term. c 1 should be -1 in equation (7) under the model assumptions. However, equation (7) presumes that total housing returns c 0 are constant across housing markets. This implies a no arbitrage equilibrium that housing investments cannot extract extra bene…ts by moving across cities. As shown in the table 1, however, the signi…cant local variations in total return contrast with this presumption.
To solve this problem, I consider no-spatial-arbitrage condition including risks by assuming homeowners have an indirect mean-variance utility of total housing returns ( i ):
Equation (8) implies that only after adjusting the risk from local housing returns, should households have constant indirect utilities across housing markets at period t in city i. Given the property of irreversible investment, future risk raises the value of real option by delaying current housing investment, and this will lead the required housing return to decrease in the current period. Finally, locality of housing market requires risk-adjustment at city-level.
The test proposed here is that after adjusting for di¤erences in return risk, indirect utilities across cities are equal. Using the sum of appreciation and CAP rates to replace total housing returns in the indirect utility equation (8):
This equation di¤ers from previous tests of the DPH in the literature because a risk term has been added.
Under the null hypothesis of the DPH, the risk of total housing return can be approximated in the Taylor series polynomial of standard deviation of the CAP rates:
where K 0 , K 1 and K 2 are constants; 8 i;t;CAP is the standard deviation of the previous 10-year CAP rates from period t 9 to t in city i. Peng and Thibodeau (2013) use the whole sample period to calculate the standard deviation of appreciation rates as housing price risks and I follow their method.
The modi…ed test of the DPH conducted here is found by replacing equation (11) with the approximating expansion in equation (12) ,
An alternative speci…cation follows directly from equation (11),
where 2 i;t; measures the variance of total housing returns period t 9 to t in city i; it captures idiosyncratic risk factors and follows a standard normal distribution. The constant term in the regression equation is the no spatial arbitrage utility. If the DPH holds, the coe¢ cients of the CAP rate in the above speci…cations of (12) and (13) should be signi…cant and close to -1. Given measurement errors in the regressors and the fact that actual appreciation di¤ers from the expected appreciation, the expectation is that the estimate of 1 and 1 will be between 0 and -1. The more e¢ cient the housing market and the smaller the measurement error, the closer coe¢ cients should be to -1. 2 is expected to be positive and 3 can either be positive or negative: the marginal e¤ect of CAP risk is measured by 2 + 2 3 i;t;CAP , which can be positive due to the trivial magnitude of i;t;CAP even if 3 is negative. At the same time, the DPH implies that the estimate of 3 be greater than 0. There is always a problem in using the variance in return as a measure of risk because this assumes that the risk is all systematic.
Note that unless CAP rates are constant over time, return risk is not equal to appreciation risk. Under the null that future appreciation is perfectly and negatively predicted by the CAP rate, the polynomial of CAP risk could be a proxy for return risk ( 2 i;t; ). In the short run, CAP risk is large enough to be proxy for return risk, and is expected to work better in the DPH test equation (13).
Empirical Results
Equations (12) and (13) are of primary interest for the DPH tests. In the short run tests, there are 11 observations for each city from 1985 to 2005, and return or CAP risk at period t is de…ned as the standard deviation of the CAP rate from period t 9 to t. Two estimation techniques are used in the short run test: OLS with year …xed e¤ects to control for business cycle dynamics across cities; panel regression to control the unobserved city heterogeneity with and without year …xed e¤ects. The DPH is also tested from 1985 to 2011 in the short run.
In order to display the importance of actual rental ‡uctuations, I also use estimated CAP rates based on the BLS Rent Index (BLS CAP rate).
Testing with the AHS CAP Rate
The results of equation (12) (13) is in column 4. The coe¢ cients of the AHS CAP Rate are signi…cant and range from -0.393 to -0.241, consistent with the theoretical predication of negative relation but signi…cantly larger than -1. In column 1, the estimated coe¢ cient of AHS CAP Rate is signi…cant and negative (-0.393), implying an imperfect trade-o¤ with future appreciation. In column 2, adding Std. Dev. of the CAP rate increases the coe¢ cient of AHS CAP Rate to -0.349. In column3, test is further signi…cantly improved by adding two terms of CAP Risk: a 1% increase in the CAP Rate (standard deviation) implies about 0.37% decrease in future appreciation rate. The coe¢ cient of Std. Dev. of AHS CAP Rate is signi…cantly positive (2.003), indicating that an increase of CAP rate implies an increase in future appreciation rate although this impact decreases with a risk because the coe¢ cient of Variance of AHS CAP Rate is -21.23. In column 4, return risk is found to improve the model: the coe¢ cient of the Variance of Total Housing Return is signi…cant and positive, indicating that higher risk is compensated with higher future appreciation (3.544).
The second regression adds city …xed e¤ects both with and without year …xed e¤ects from 1985 to 2005. The results without controlling year …xed e¤ects in panel regression equation (12) are shown in columns 1 to 3 of table 3, and equation (13) in column 4. In column 1, coe¢ cient of the AHS CAP Rate (-0.05) is still negative but insigni…cant with small magnitude. In column 2, adding Std. Dev. of CAP rate decreases the coe¢ cient of AHS CAP Rate to -0.476. In column 3, the coe¢ cient value of the AHS CAP Rate (-0.487) is consistent with theoretical prediction, and smaller than that in column 3 of table 2. Moreover, the impact of Std. Dev. of AHS CAP Rate is signi…cant and positive (6.468), consistent with theoretical prediction: higher CAP Risk requires higher CAP rate to compensate, which in turns leads to lower future appreciation. However, this impact decreases (coe¢ cient of Variance of AHS CAP Rate is -60.55). Finally, in column 4, using return risk fails to outperform the model using CAP Risk: coe¢ cient of the AHS CAP Rate is insigni…cant (-0.235), and coe¢ cient of Variance of Total Housing Return is positive but not signi…cant (1.202). Table 4 shows the results of controlling for year …xed e¤ects in the panel regression from 1985 to 2005. The estimated equation (12) in pooled OLS regression are shown in columns 1 to 3, and equation (13) in column 4. Compared with results in table 3, the coe¢ cients of the CAP rate become larger in column 2 (-0.405) and 3 (-0.428), but smaller in column 1 (-0.187) and 4 (-0.365). This indicates that unobservable business cycle factors work in the opposite direction when adjusting risk in the tests without CAP Risk. Moreover, these unobservable factors could signi…cantly improve the explanatory power in all the models. Among the tests, using return risk improves the model most as shown in column 4. Table 5 shows the results with controlling year …xed e¤ects in the panel regression from 1985 to 2011. Financial crisis tends to distort the e¢ ciency of housing market, and coe¢ cient of AHS CAP Rate is expected to be larger compared with those from 1985 to 2005. In column 1-4, coe¢ cients of AHS CAP rate (-0.112, -0.213, -0.215 and -0.193) become larger, consistent with above prediction. In column 2 and 3, coe¢ cients of CAP Risk terms are with positive sign but insigni…cant. In column 4, return risk term is signi…cant but with wrong sign. This implies that …nancial crisis has deep impact on the e¢ ciency of housing market.
It turns out that including the risk adjustment strengthens the DPH test in housing market. Furthermore, in short run, the CAP rate is volatile. Thus in order to adjust the risk of local housing market, CAP risk is a less contaminated proxy and works well. By extending the study period to …nancial crisis, coe¢ cients of AHS CAP rate become larger but coe¢ cients of risk terms are insigni…cant or with wrong sign.
Trade-o¤ between return and risk across housing markets plays an important role in improving the DPH tests. And understanding this trade-o¤ requires an accurate measure of actual risk in rental returns, especially in the short run. Below part shows that the CAP rates based on rental index are featured with "lower risk" than the AHS CAP rates from Hedonic estimation.
Testing with the BLS CAP Rate
I also test the DPH using the BLS CAP rates. BLS CAP rates are based on the BLS Rental index.
As mentioned in Ambrose, Coulson and Yoshida (2014) , BLS Rent index may underestimate the actual ‡uctuation in rents. This may lead to over-smoothed estimation of the CAP rates. Therefore in the DPH tests, appreciation rate would be much more sensitive to changes in the BLS CAP rates; BLS CAP Risk would also be much smaller and fail to proxy return risk in the short run. I use the AHS data and hedonic method to estimate the rent index for 4 cities and compare them with those from BLS results. As displayed in the …gure 3, BLS Rent series are very smooth with trivial ‡uctuation; AHS Rent series ‡uctuate signi…cantly: in Washington DC, BLS Rent index overestimates the actual rent level and underestimates the rent risks; in Pittsburgh, Detroit and Cincinnati, compared with AHS Rent series, BLS Rent series re ‡ect the increasing tread of rent levels but not the true rental risks.
I construct the BLS CAP rates for 22 cities using BLS Rent index and FHFA HPI. The method is based on Case and Shiller (1990) . I …rst use the BLS Rent Index and FHFA HPI of all transactions to compute the rental growth rate and HPI appreciation rate for each city, and then the BLS CAP rates can be calculated as ratio of rental over HPI growth rates. Finally, I use the AHS CAP rates in 1985 to benchmark the level of CAP rate.
Compared with the AHS CAP rates, BLS CAP rates have similar means but much lower standard deviations in table 6: AHS CAP rate in Atlanta has mean value 8.54%, and standard deviation 1.56%, versus 5.00% and 1.13% from biannual BLS CAP rates, 5.26% and 1.16% from every year BLS CAP rates. This implies that BLS Rent Index lowers the actual risk of the CAP rate (except in Miami, Philadelphia and Phoenix). It's tempting to predict that the coe¢ cients of the BLS CAP rate should be larger than those of AHS CAP rate. Another prediction is that it's unnecessary to adjust the short run risk of local house return when using BLS CAP rate to test the DPH, as the risk would always be from appreciation of housing value. In …gure 5, mean values of BLS CAP and appreciation rates across cities are compared. Trade-o¤ between them is still very signi…cant: lower CAP rate in New York is compensated with higher appreciation. However, BLS CAP rates are smaller compared with AHS CAP rates, implying that BLS Rent Index underestimates the actual change in rental market. Table 7 shows the pooled OLS results by regressing annual appreciation rate over the BLS CAP rate from 1985 to 2005. Consistent with prediction of the DPH, coe¢ cients of BLS CAP Rate are all larger than -1 (-0.796, -0.744, -0.719 and -0.864 respectively). Compared with results of AHS-based tests, coe¢ cients of BLS CAP rates are more close to the DPH prediction. However, coe¢ cients of risk measures are insigni…cant in column 2 and 3, and with wrong sign in column 4. Table 8 shows the results of controlling year …xed e¤ect in panel regression from 1985 to 2005. The coe¢ cient of the BLS CAP rate is smaller than -1 in column 1, deviating from the prediction of the DPH. In column 2 and 3, the coe¢ cients of the BLS CAP rate are insigni…cant and those of Std. Dev. of BLS CAP Rate are either insigni…cant or with wrong sign. In column 4, coe¢ cient of return risk has the negative sign, violating the prediction of real option theory: higher risk of housing investments requires higher rather than lower future appreciation. However, using panel regression improves the model compared with results in table 7.
Then studying period of using BLS CAP rates is extended to 2011. Table 9 shows the results of controlling year …xed e¤ect in panel regression from 1985 to 2011. In column 1-4, coe¢ cients of BLS CAP rate (-1.390, -0.935, -0.933 and -0.704) are close to prediction of the DPH. However, in column 2, 3 and 4, coe¢ cient of risk terms are with wrong sings.
Overall, BLS CAP rate fails to re ‡ect the true risk in short run tests.
Conclusion
Total bene…t of owning residential properties can be divided into implicit rental return or the CAP rate, and appreciation rate. Thus present value relations in the housing market can be examined by testing the relationship between the CAP rate and future appreciation. However, this negative relationship is con…rmed in single or narrow housing markets while only weakly supported or even rejected in cross-market tests.
The key requirement of cross-market test of the DPH is the no-arbitrage equilibrium of indi¤erent total housing returns across cities. However, persistent di¤erences in total housing return across housing markets are inconsistent with the above no-arbitrage equilibrium. I consider the trade-o¤ between total housing return and its risk, and propose a no-arbitrage equilibrium that equates mean-variance utility which equals to the value of total housing return minus its risk. This is contributed to the property of irreversibility in housing investment: future risk will raise the value of real option by delaying the current housing investment, this leads to a lower housing returns in the current period.
I use the American Housing Survey data to estimate the CAP rate for each city and …nd signi…cant spatial variation of the CAP rate in the short run. Then I use the risk of the CAP rates and total housing returns as proxy of no-arbitrage condition across cities, and risks of the CAP rates and total return improve the DPH in the short tests. Results show that risk adjustment plays signi…cant role in testing dividend pricing hypothesis from 1985 to 2005. Financial crisis makes the DPH test much weaker if the studied period is extended to 2011.
The paper also uses the BLS CAP rate data to do robust test given the importance of the risks from CAP and total return rates. The results con…rm the importance of unveiling the true ‡uctuation of rental rates. Di¤erent from the results of using AHS data, risk adjustment fails to get results consistent with the DPH prediction due to the over smoothed BLS CAP rates in the short run. Note: Table 2 shows results of equation (12) and (13), regressing annual appreciation rate on AHS CAP rate from 1985 to 2005. AHS CAP rates are estimated from AHS every other year and appreciation rates are estimated from FHFA HPI. Std. Dev. or variance at period t is computed from t-9 to t. The numbers in the parentheses are the t-values.* p < 0.05, ** p < 0.01, *** p < 0.001. Note: Table 3 shows results of equation (12) and (13), regressing annual appreciation rate on AHS CAP rate from 1985 to 2005. AHS CAP rates are estimated from AHS every other year and appreciation rates are estimated from FHFA HPI. Std. Dev. or variance at period t is computed from t-9 to t. The numbers in the parentheses are the t-values.* p < 0.05, ** p < 0.01, *** p < 0.001. Note: Table 4 shows results of equation (12) and (13), regressing annual appreciation rate on AHS CAP rate from 1985 to 2005. AHS CAP rates are estimated from AHS every other year and appreciation rates are estimated from FHFA HPI. Std. Dev. or variance at period t is computed from t-9 to t. The numbers in the parentheses are the t-values.* p < 0.05, ** p < 0.01, *** p < 0.001. Note: Table 5 shows results of equation (12) and (13), regressing annual appreciation rate on AHS CAP rate from 1985 to 2011. AHS CAP rates are estimated from AHS every other year and appreciation rates are estimated from FHFA HPI. Std. Dev. or variance at period t is computed from t-9 to t. The numbers in the parentheses are the t-values.* p < 0.05, ** p < 0.01, *** p < 0.001. Note: Table 7 shows results of equation (12) and (13), regressing annual appreciation rates on BLS CAP rates from 1985 to 2005. BLS CAP rates are estimated from BLS Rent Index and FHFA HPI, and appreciation rates are estimated from FHFA HPI. Std. Dev. or variance at period t is computed from t-9 to t. The numbers in the parentheses are the t-values.* p < 0.05, ** p < 0.01, *** p < 0.001. Note: Table 8 shows the results of equation (12) and (13), regressing annual appreciation rates on BLS CAP rates from 1985 to 2005. BLS CAP rates are estimated from BLS Rent Index and FHFA HPI, and appreciation rates are estimated from FHFA HPI. Std. Dev. or variance at period t is computed from t-9 to t. The numbers in the parentheses are the t-values.* p < 0.05, ** p < 0.01, *** p < 0.001. Note: Table 9 shows the results of equation (12) and (13), regressing annual appreciation rates on BLS CAP rates from 1985 to 2011. BLS CAP rates are estimated from BLS Rent Index and FHFA HPI, and appreciation rates are estimated from FHFA HPI. Std. Dev. or variance at period t is computed from t-9 to t. The numbers in the parentheses are the t-values.* p < 0.05, ** p < 0.01, *** p < 0.001. 
